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Objective: Hip labrum pathology has only begun to emerge as a signiﬁcant source of groin pain in the last
decade since the development of hip arthroscopy. Few data are available on the anatomy, histology and
function of this structure. Moreover, no metabolic data exist at cellular level. The aim of this study was to
characterize extracellular matrix (ECM) genes and pro-inﬂammatory mediators expressed by these cells.
Methods: Isolated human acetabular labrum cells were cultured in alginate beads for 10 days and
additionally stimulated with interleukin (IL)-1 for 24 h. Gene expression levels and secretion of different
ECM genes, enzymes and cytokines were examined by quantitative polymerase chain reaction (qPCR)
and enzyme-linked immunosorbent assay (ELISA) to assess the metabolic characteristics of labrum cells.
Articular chondrocytes and meniscus cells served as controls.
Results: Labrum cells expressed high levels of COL1A1 and low levels of COL2A1, aggrecan and SOX-9
compared to chondrocytes. However, COL2A1 was more expressed by labrum cells than by meniscus
cells. The expression of matrix metalloproteinase (MMP)-1/-2/-9, ADAMTS-4 and IL-6 was signiﬁcantly
higher in labrum cells than in chondrocytes. IL-1 suppressed the ECM gene expression levels of labrum
cells, but increased the expression levels and release of MMP-1/-3/-9/-13 and ADAMTS-4 and IL-6 by
these cells. Remarkably, MMP-9 was only signiﬁcantly upregulated in acetabular labrum cells.
Conclusions: The ﬁndings in this study demonstrated that the acetabular labrum is populated with
unique highly active ﬁbrochondrocyte-like cells. These cells are capable of expressing and releasing pro-
inﬂammatory enzymes and cytokines and react to a pro-inﬂammatory stimulus. In this way, they
contribute obviously to disturbed tissue function in hip labrum pathology.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Arthroscopy of the hip has advanced exponentially over the last
30 years as new tools and techniques were developed in vivo in
humans. Advanced imaging allowed for improved diagnostic abil-
ities, and new conditions were identiﬁed that were amenable to
arthroscopic interventions. All this has led to a greater interest in
the nature of adolescent and adult hip lesions1.
The acetabular labrum is a horseshoe-shaped structure whose
inferior insertions are in continuity with the transverse acetabular.A.M. Dhollander, Laboratory
matology, Ghent University
e Pintelaan 185, 9000 Ghent,
Dhollander).
s Research Society International. Pligament. It has a function similar to that of the menisci in the
knee2. It surrounds and deepens the acetabular rim and serves as
a joint seal3. This sealing function resists distraction of the femoral
head from the socket by acting like a suction cup and maintaining
the negative pressure within the joint, thereby improving joint
stability4,5. The seal also allows for a more uniform distribution of
the compressive forces applied to the articular cartilage by main-
taining the joint ﬂuid in the central compartment6e8. The human
labrum also is involved in lubriﬁcation andmaintains a low-friction
environment in the hip. Loading of the hip joint is thus distributed
across the joint cartilage and labrum. Any alteration in the
biosynthesis of these two tissues can provoke mechanical failure of
the hip6,9.
Labral anatomy and function, as well as the consequences of
labral tears and surgical outcomes, have only recently been
studied2. Macroscopically, the cross-section of the labrum has
generally been thought to have a triangular shape, similar toublished by Elsevier Ltd. All rights reserved.
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a capsular and a articular part. The capsular side of the labrum is
considered to be composed of dense connective tissue and the
articular side is composed of ﬁbrocartilage11.
Tears of the acetabular labrumwere ﬁrst reported by Paterson in
195712. They have, however, only begun to emerge as a signiﬁcant
source of groin pain in the last decade since the advent of the hip
arthroscopy. In one study, 55% of patients with chronic hip pain
(general population) had a tear of the acetabular labrum13.
However, a recent yet unpublished study reported a 69% prevalence
of labrum tears in asymptomatic volunteers14. The clinical rele-
vance of ﬁnding a labrum tear can be questioned. Therefore,
a proper understanding of the labrum biology may elucidate the
nature of its pathology.
Resection of the torn labrum has been the earliest treatment of
hip labral tears. Partial labrectomy may relieve pain and eliminate
mechanical symptoms; however, the outcomes are markedly better
when (1) there is no chondral damage to the articular surfaces and
(2) associated bony pathology is addressed concomitantly. From
basic science data it can be inferred that it is beneﬁcial to remove as
little of the labrum as possible because the remaining labral tissue
still can function9. Although clinical data pertaining to labral repair
are still limited15,16, basic science studies suggest that labral repairs
can heal and subsequently restore function17. Tissue engineering
could be an alternative and promising option for the treatment of
labral defects.
In the present study, the basic metabolic characteristics of
human acetabular labrum cells were explored for the ﬁrst time.
Human articular chondrocytes and meniscus cells served as
controls. The ﬁndings in this study may contribute to a better
understanding of the labral function and the nature of its
pathology. Since the biochemical and biomechanical characteristics
of an engineered tissue are ultimately deﬁned by the cell pheno-
type and should resemble native tissue, this knowledge can also be
used in cell-based tissue-engineering applications. Moreover, bio-
logical factors seem to play an important role in connective tissue
repair and might be of greater importance to the success of repair
than the surgical technique. Therefore, a better insight into
connective tissue metabolism is essential.
Methods
Cell isolation and culture in alginate
Human acetabular labrum cells were isolated in the sameway as
meniscus cells. This isolation protocol was extensively described by
Verdonk et al.18. Human articular chondrocytes were also isolated
using the same standard protocol as published previously19. Brieﬂy,
nine human acetabular labrum samples [mean age [standard
deviation (SD)] 71.7 (8.2) years; men: four, women: ﬁve], 11 human
meniscus samples [72.0 (7.4) years; men: four, women: seven] and
11 human articular cartilage samples from the knee joint [68.2 (8.9)
years; men: ﬁve, women six] were obtained from patients with
degenerative joint disease necessitating total joint replacement.
Only themacroscopically healthy parts of the tissues were taken for
culture. No corticosteroids or cytostatic drugs had been adminis-
tered. The study was approved by the Ethics Committee of the
Ghent University Hospital. Informed consent was obtained from all
patients.
Cells were isolated from all zones of the harvested tissues,
washed, ﬁltered and resuspended in Hank’s balanced salt solution
(HBSS, GIBCO Invitrogen Co., Merelbeke, Belgium) and counted
with Trypan blue to exclude dead cells. More than 90% of the cells
were viable after isolation. The human acetabular labrum cells,
meniscus cells and chondrocytes were cultured in alginate beads.The cultures were prepared as described elsewhere, with some
modiﬁcations18e21. Alginate beads were cultured in six-well plates
with 1 x 106 cells per culture (each well containing 20 alginate
beads; 50,000 cells/bead) in 3 ml Dulbecco’s Modiﬁed Eagle’s
Medium (DMEM, GIBCO Invitrogen Co., Merelbeke, Belgium) sup-
plemented with 10% fetal calf serum, antibiotics (penicillin 10 U/ml,
streptomycin 10 mg/ml, GIBCO Invitrogen Co.) and 0.002 M L-
glutamine at 37C under 5% CO2. Nutrient medium was replaced
twice weekly. It has been shown that extracellular matrix (ECM)
metabolism by chondrocytes reaches steady state after 1 week in
this alginate culture system22.
Metabolic characterization of human articular chondrocytes,
meniscus cells and acetabular labrum cells in culture
After a 10 days’ culture period, the cells were separated from
their alginate coat by dissolving the alginate with 3 ml of 55-mM
tri-sodium citrate dehydrate pH 6.8, 0.15 M NaCl at 25C for
10 min. The resulting suspension was centrifuged at 524g for
10 min. Trizol (Invitrogen, Life Technologies, Paisley, UK) was added
to the isolated cells. RNA was extracted and cDNA prepared as
described previously20. Real-time polymerase chain reaction (PCR)
was performed using the LightCycler 480 Real-Time PCR System
(Roche, Indianapolis, IN, USA). Each reaction utilized 3 ml of cDNA
and a mixture of 5 ml of iTaq Sybr Green Supermix with Rox (Bio-
Rad, Hercules, CA, USA), primers (Invitrogen) and water and was
performed in triplicate. A total set of 13 primers was designed to
assess the expression of the following genes: COL1A1, COL2A1,
aggrecan, SOX-9, matrix metalloproteinase (MMP)-1, MMP-2,
MMP-3, MMP-9, MMP-13, interleukin (IL)-6, ADAMTS-4,
ADAMTS-5 and TIMP-1 (primer sequences are available upon
request from the corresponding author). Expression levels were
normalized to the expression of three different household genes
(GAPDH, Actin-ß and ß2-macroglobulin). All primer sequences
were validated by melting curve analysis and efﬁciency analysis.
quantitative polymerase chain reaction (qPCR) and data analysis
were performed as described earlier23,24.
Effects of IL-1 on ECM metabolism of human articular chondrocytes,
meniscus cells and acetabular labrum cells
After the 10 days’ culture period, the cells from ﬁve human
acetabular labrum samples [mean age (SD) 67.8 (8.1) years; men:
two, women: three], ﬁve human meniscus samples [70.8 (9.3)
years; men: three, women: two] and ﬁve human articular cartilage
samples [70.8 (9.3) years; men: three, women two] were addi-
tionally stimulated with IL-1ß (0.1 ng/ml, R&D Systems, Abingdon,
UK) in insulin-transferrin-sodium selenite medium (ITSþ 1,
SigmaeAldrich, St Louis, MO, USA) for 24 h. All cultures were done
in duplicate. After the 24 h’ stimulation period, the cells were
separated from their alginate coat as described above, and lysed in
trizol. Real-time PCR was performed as described previously20.
Additionally, media were collected and stored at80C. IL-6, MMP-
1 and MMP-3 (R&D Systems, Abingdon, UK) secreted in the
collected media were assayed by enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer’s instructions. ELISA
analysis was performed in triplicate.
Histology
To analyze cell morphology, histological examination was per-
formed on human native labrum, meniscus and cartilage tissue.
These native tissues were ﬁxed in 4% aqueous paraformaldehyde
and embedded in parafﬁn. Hematoxylin and eosin counter staining
was performed to visualize cell body morphology.
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Results were presented as mean values with 95% conﬁdence
intervals (CIs). Statistical analysis was performed using PASW
(Predictive Analytics SoftWare) statistics 18 (SPSS Inc., Chicago, IL,
USA). Gene expression data were tested using the non-parametric
KruskaleWallis test. A ManneWhitney U test was used as a post-
hoc test. For the stimulation experiments, a paired non-parametric
Wilcoxon test was used. P-values less than 0.05 were considered
signiﬁcant.Results
Gene expression analysis of ECM compounds in human acetabular
labrum cells
Three genes encoding for connective tissue components
(COL1A1, COL2A1 and aggrecan) and one gene encoding for the
chondrogenic transcription factor SOX-9were screened in the three
different tissues after 10 days of culture in alginate (Table I). The
expression of aggrecan, SOX-9 and COL2A1 was signiﬁcantly higher
in cells isolated from hyaline cartilage than in meniscus and
acetabular labrum cells. In contrast, the expression of COL1A1,
a collagen type associated with ﬁbrous tissue, was signiﬁcantly
higher in meniscus and labrum cells than in chondrocytes.
Remarkably, COL2A1 was signiﬁcantly more expressed by labrum
cells compared than by meniscus cells.Gene expression analysis of matrix degradation in human
acetabular labrum cells
Compared to cartilage, human hip labrum and knee meniscus
cells expressed higher levels of IL-1 downstream events, e.g., pro-
inﬂammatory IL-6 and ECM degrading enzymes: MMP-1, MMP-2,
MMP-9 and ADAMTS-4 (Table I). In addition, ELISA experiments
were performed in culture supernatans for MMP-1, MMP-3 and
IL-6. These conﬁrmed the higher secretion at the protein level for
MMP-1, MMP-3 and IL-6 (Table II). Meniscus and labrum cellsTable I
Relative gene expression of COL1A1, COL2A1, aggrecan, SOX-9 (means and CI); MMP-1, -2,
cells and chondrocytes after 10 days of culture in alginate gel, showing the ﬁbrocartilagin
chondrocytes. P-values of hypothesis tests of differences between the three groups ob
ManneWhitney U test between the labrum/meniscus and cartilage data are also given
Relative gene expression
Mean 95% CI P-value Mean
COL1A1 0.004 COL2A1
Labrum (n¼ 9) 5.69 2.56e9.34 0.014 21.10
Meniscus (n¼ 11) 3.86 2.12e6.40 0.047 6.89
Cartilage (n¼ 11) 1.58 0.75e2.08 806.71
SOX-9 0.049 MMP-1
Labrum (n¼ 9) 1.13 0.48e1.98 0.037 0.86
Meniscus (n¼ 11) 1.90 0.68e4.20 0.043 0.98
Cartilage (n¼ 11) 6.55 2.79e10.59 0.34
MMP-3 0.216 MMP-9
Labrum (n¼ 9) 0.71 0.44e0.99 0.342 1.44
Meniscus (n¼ 11) 0.65 0.29e1.14 0.309 2.54
Cartilage (n¼ 11) 0.36 0.19e0.56 0.10
IL-6 0.003 ADAMTS-4
Labrum (n¼ 9) 0.95 0.73e1.14 0.009 1.86
Meniscus (n¼ 11) 1.54 0.94e2.88 0.002 2.16
Cartilage (n¼ 11) 0.24 0.01e0.54 0.28
TIMP-1 0.013
Labrum (n¼ 9) 1.63 0.89e2.41 0.006
Meniscus (n¼ 11) 2.09 1.28e3.17 0.006
Cartilage (n¼ 11) 5.58 3.78e7.25expressed signiﬁcantly lower TIMP-1 levels than did chondrocytes
(Table I).
IL-1 effects on human acetabular labrum cells
Cultured cells from ﬁve human labrum samples, meniscus and
cartilage samples were additionally stimulated with IL-1 for 24 h.
IL-1 signiﬁcantly suppressed the expression of COL1A1 and COL2A1
by all cell types (Table III). The aggrecan levels were signiﬁcantly
lowered by IL-1 in chondrocytes only (Table III).
The inﬂuence of IL-1 on the expression of pro-inﬂammatory IL-6
and different matrix-degrading enzymes was also studied. The
expression of IL-6, MMP-1, MMP-3, MMP-13 and ADAMTS-4 was
signiﬁcantly higher in all IL-1 stimulated samples (Tables IV and V).
Again, ELISA experiments were performed in culture supernatans
for MMP-1, MMP-3 and IL-6 and conﬁrmed elevated protein levels
(Table II).
No consistent inﬂuence of IL-1 on the expression of MMP-2 was
observed (Table IV). MMP-9 was only signiﬁcantly more expressed
by IL-1 stimulated labrum cells (Table IV). ADAMTS-5 expression
was signiﬁcantly upregulated in IL-1 stimulated meniscus and
labrum cells, but not in chondrocytes (Table V). The same was
observed for TIMP-1 expression levels (Table V).
Cell morphology
Labrum, meniscus and cartilage cell morphology were studied
on parafﬁn-embedded sections. Hyaline cartilage was typically
characterized by the sparsity of rounded chondrocytes occupying
well-deﬁned lacunae. In the labrum the cells were more spindle-
shaped and more numerous. In general, the morphology of the
labrum cell appeared to be similar to that of the meniscus cell
(Fig. 1).
Discussion
In this study, the metabolism of the human acetabular labrum
cells was addressed for the ﬁrst time. Because of the similarities in
structure and function between human acetabular labrum,-3, -9, -13; IL-6, ADAMTS-4, ADAMTS-5 and TIMP-1 by humanmeniscus cells, labrum
ous and metabolically active phenotype of meniscus and labrum cells compared to
tained by the KruskaleWallis test are displayed in bold. P-values of the post-hoc
95% CI P-value Mean 95% CI P-value
0.001 Aggrecan 0.001
1.19e61.93 0.009 2.38 0.76e4.48 0.001
2.93e11.92 0.003 4.42 1.74e9.07 0.002
87.37e2256.48 44.54 22.94e70.92
0.028 MMP-2 0.007
0.61e1.17 0.037 1.53 0.75e2.66 0.001
0.74e1.34 0.020 0.71 0.40e1.07 0.014
0.20e0.51 0.18 0.10e0.31
0.027 MMP-13 0.107
0.38e2.59 0.023 1.31 0.72e1.98 0.119
0.20e6.50 0.031 1.42 0.73e2.27 0.133
0.01e0.24 0.67 0.35e1.02
0.004 ADAMTS-5 0.791
1.00e2.79 0.001 1.31 0.77e1.77 0.271
1.03e3.64 0.001 1.30 0.79e1.89 0.279
0.36e0.66 1.30 0.44e2.64
Table II
Dot plots of the release of MMP-1, MMP-3 and IL-6 (means and CI) by human labrum cells, meniscus cells and chondrocytes after a 24 h stimulation period with IL-1 vs
nonstimulated cells (NS). P-values of hypothesis tests of differences between the IL-1 stimulated and nonstimulated data are given
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culturing the cells from the respective tissues. This culture model
has previously been shown to be capable of stabilizing the
phenotype of articular cartilage chondrocytes and meniscus cells.
Cells reach their steady state in this model after a 10 days’ culture
period18,25,26. It was hypothesized that this culture model couldTable III
Relative gene expression of COL1A1, COL2A1 and aggrecan (means and SD) by human art
with IL-1 vs NS, showing an inhibitory effect of IL-1 on the ECM production of these cel
nonstimulated data are given
Relative gene expression
COL1A1 COL2A1
Mean (n¼ 5) 95% CI P-value Mean (n¼ 5)
Labrum NS 94.22 18.29e169.47 0.043 1.01
Labrum IL-1 26.14 5.99e59.92 0.25
Meniscus NS 34.01 15.26e54.06 0.043 0.16
Meniscus IL-1 8.59 5.42e11.54 0.04
Cartilage NS 37.46 5.33e90.77 0.043 261.80
Cartilage IL-1 3.19 0.46e8.13 13.07also stabilize the human acetabular labrum cell phenotype. Human
meniscus tissue is said to be populated mainly with round to oval
matrix-associated cells, comparable to articular cartilage chon-
drocytes, and ﬁbroblast-like cells27. The round or oval cells of the
meniscus, however, produced more type I collagen than did artic-
ular chondrocytes28. The major collagen produced by articularicular chondrocytes, meniscus cells and labrum cells after a 24 h stimulation period
l types. P-values of hypothesis tests of differences between the IL-1 stimulated and
Aggrecan
95% CI P-value Mean (n¼ 5) 95% CI P-value
0.08e2.81 0.043 0.17 0.05e0.40 0.225
0.02e0.70 0.11 0.03e0.23
0.10e0.21 0.043 0.15 0.10e0.18 0.500
0.02e0.06 0.10 0.04e0.19
15.80e737.28 0.043 3.09 2.21e4.27 0.043
0.83e34.88 1.22 0.68e1.96
Table IV
Relative gene expression of MMP-1, MMP-2, MMP-3, MMP-9 and MMP-13 (means and CI) by human articular chondrocytes, meniscus cells and labrum cells after a 24 h
stimulation period with IL-1 vs NS, showing a metabolic, degradative effect of IL-1 on these cells. P-values of hypothesis tests of differences between the IL-1 stimulated and
nonstimulated data are given
Relative gene expression
MMP-1 MMP-2 MMP-3
Mean (n¼ 5) 95% CI P-value Mean (n¼ 5) 95% CI P-value Mean (n¼ 5) 95% CI P-value
Labrum NS 0.06 0.04e0.09 0.043 3.56 1.59e5.98 0.893 0.01 0.01e0.03 0.043
Labrum IL-1 0.44 0.27e0.60 3.46 2.12e4.30 0.31 0.16e0.46
Meniscus NS 0.12 0.08e0.15 0.043 1.36 0.95e1.86 0.043 0.04 0.02e0.06 0.043
Meniscus IL-1 0.69 0.53e0.85 2.83 1.52e4.59 0.36 0.25e0.49
Cartilage NS 0.04 0.02e0.06 0.043 0.67 0.27e1.11 0.345 0.05 0.04e0.07 0.043
Cartilage IL-1 1.45 0.80e2.59 0.76 0.36e1.14 2.01 0.78e4.11
MMP-9 MMP-13
Mean (n¼ 5) 95% CI P-value Mean (n¼ 5) 95% CI P-value
Labrum NS 2.27 1.20e3.66 0.043 0.05 0.02e0.07 0.043
Labrum IL-1 4.33 2.55e5.89 0.36 0.12e0.64
Meniscus NS 20.17 1.58e38.75 0.686 0.03 0.01e0.04 0.043
Meniscus IL-1 14.89 4.69e26.55 0.14 0.09e0.19
Cartilage NS 0.39 0.11e0.71 0.138 0.01 0.01e0.02 0.043
Cartilage IL-1 2.08 0.23e5.30 0.61 0.45e0.81
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is termed as a ﬁbrochondrocyte based on the difference in
expression of collagen types29.
To our knowledge, no data exist on the cellular biology of the
human acetabular labrum. Moreover, speciﬁc data on the cellular
protein expression level of this tissue are also lacking. The
expression of different cell-associated matrix (CAM) structures,
e.g., type I collagen, and type II collagen with aggrecan, has been
considered to deﬁne the instant cellular phenotype of meniscus
ﬁbrochondrocytes and articular cartilage cells, respectively18,26,29.
As shown in this study, labrum cells expressed a higher level of
COL1A1 and lower levels of COL2A1, aggrecan and SOX-9,
compared to articular chondrocytes. Therefore, it can beTable V
Relative gene expression of IL-6, TIMP-1, ADAMTS-4 and ADAMTS-5 (means and CI)
by human articular chondrocytes, meniscus cells and labrum cells after a 24 h
stimulation period with IL-1 vs NS, showing a metabolic, degradative and pro-
inﬂammatory effect of IL-1 on these cells. IL-1 had a stimulatory effect on the
expression of TIMP-1. P-values of hypothesis tests of differences between the IL-1
stimulated and nonstimulated data are given
Relative gene expression
IL-6 TIMP-1
Mean
(n¼ 5)
95% CI P-value Mean
(n¼ 5)
95% CI P-value
Labrum NS 0.01 0.01e0.02 0.043 0.17 0.09e0.27 0.043
Labrum IL-1 0.44 0.33e0.56 0.44 0.23e0.71
Meniscus NS 0.01 0.01e0.02 0.043 0.18 0.12e0.23 0.043
Meniscus IL-1 0.56 0.41e0.76 0.40 0.30e0.49
Cartilage NS 0.01 0.01e0.02 0.043 0.75 0.50e1.01 0.225
Cartilage IL-1 0.77 0.65e0.91 0.99 0.64e1.48
ADAMTS-4 ADAMTS-5
Mean
(n¼ 5)
95% CI P-value Mean
(n¼ 5)
95% CI P-value
Labrum NS 1.81 0.94e3.17 0.043 0.42 0.28e0.56 0.043
Labrum IL-1 4.91 3.96e6.15 2.41 1.23e3.59
Meniscus NS 2.24 1.59e3.16 0.043 1.48 1.06e1.98 0.043
Meniscus IL-1 6.10 3.64e8.77 3.00 1.75e4.23
Cartilage NS 0.17 0.05e0.30 0.043 0.59 0.43e0.80 0.138
Cartilage IL-1 0.53 0.28e0.81 1.23 0.75e2.03concluded that, analogous to the human meniscus, the human
acetabular labrum is populated with ﬁbrochondrocytes rather than
with chondrocytes. The basic histology data presented in this study
showed similar cell morphology in human labrum and meniscus
tissue and consequently conﬁrm this statement. Also, clear
differences with human articular cartilage were observed.
However, compared to meniscus cells, labrum cells expressed
signiﬁcantly higher levels of COL2A1, indicating a unique ﬁbro-
chondrocytic proﬁle of the labrum cell. An interesting particularity
of the human acetabular labrum is the presence of the
labralechondral junction2. This could account for the higher levels
of COL2A1 and the striking difference with the human meniscus
observed in this study. However, more research into this particular
ﬁeld is needed.
Basic science data suggest that loss of labral function through
tear or resection may have negative implications on the joint,
particularly the articular cartilage, which may result in joint
degeneration2. Tissue engineering could be an alternative prom-
ising option for the treatment of labral defects. Tissue engi-
neering is based on three basic ingredients: scaffolds, growth
factors and cells. The ideal cell type for this therapeutical
approach would obviously be the acetabular labrum cell. Since
knowledge about labrum cell biology and behavior is nonexistent,
the data presented in this pilot study could serve as the basis for
further exploration of tissue-engineering applications of this
tissue. The selection of the appropriate cell source (autologous,
allogeneic, xenogeneic or stem cells) is the key to successful
labral tissue engineering. These different cell types can be seeded
on scaffolds in an attempt to reconstruct labral tissue in vitro.
Knowledge of native labral cell behavior is therefore essential, as
this would allows us to establish whether cells of other sources
can be stimulated to express similar gene levels as native labral
cells.
Matrix-degrading enzymes, e.g., MMPs and ADAMTSs and
cytokines, such as IL-6 are important mediators of cartilage
degradation in osteoarthritis (OA) and different inﬂammatory joint
disease30e34. Therefore, the expression and secretion of several
MMPs, ADAMTSs and IL-6 by human acetabular labrum cells were
analyzed. All MMPs studied were expressed constitutively by
chondrocytes, meniscus and labrum cells. Three of the ﬁve studied
MMPs (MMP-1, -2 and -9), ADAMTS-4 and IL-6 showed
Fig. 1. Hematoxylin and eosin staining of parafﬁn-embedded sections of the inner
parts of human labrum (A), meniscus (B) and cartilage tissue (C) (200), showing
a similar ﬁbrochondrocytic cell phenotype in labral and meniscal tissue, and
a distinctive chondrocytic cell phenotype in human articular cartilage.
A.A.M. Dhollander et al. / Osteoarthritis and Cartilage 20 (2012) 670e677 675a signiﬁcantly higher expression in meniscus and labrum cells than
in chondrocytes, thus suggesting a highly active phenotype in
human acetabular labrum cells similar to human meniscus cells.
This high metabolic activity may play a role in the nature of labrum
pathology. Moreover, biological factors seem to be involved in
connective tissue repair and might be of greater importance to the
success of repair than the surgical technique. The data presented inthis study can be an incentive to explore mediators of the labrum
metabolism so as to inﬂuence the nature of labrum pathology and
to enhance labral repair and regeneration.
IL-1 is known to be an important driver of inﬂammatory joint
disease and is believed to be a major regulator of matrix degrada-
tion by increasing metalloproteinase activity and suppressing the
synthesis of matrix components34. Therefore, the inﬂuence of IL-1
on human acetabular labrum cell metabolism was investigated. It
is known that IL-1 increases the expression and activity of MMPs in
cartilage/meniscus cells and explants, although human data are
scarce and its effect on hip labrum metabolism is currently
unknown35e37.
IL-1 suppressed the gene expression rates of COL1A1, COL2A1
and aggrecan of the human acetabular labrum cells, but increased
the expression levels and release of MMPs, ADAMTSs and IL-6 by
these cells. It was concluded that IL-1 clearly exhibited an inhibi-
tory effect on ECM synthesis and increased the expression of matrix
degradation enzymes secreted by human acetabular labrum cells.
In general, the effect of IL-1 on themetabolism of human acetabular
labrum cells was similar to its effects on meniscus cells, except for
MMP-9. MMP-9, also known as gelatinase B, degrades type IV and V
collagens38. The expression of MMP-9 was signiﬁcantly increased
by IL-1 in human acetabular labrum cells, but not in meniscus cells.
It can be concluded that the human acetabular labrum has a similar
metabolic proﬁle to the human meniscus, but with some inter-
esting particularities.
Taking into account its biomechanical function and metabolic
characteristics, the acetabular labrum should not merely be
considered as a bystander in hip joint diseases. The search for
agents that restore structural deﬁciencies underlying pathological
conditions, such as OA, has been going on for decades. Most of this
research has been focused on cartilage39. However, the human
acetabular labrum should be considered as a potential therapeutic
target in hip pathology. The efﬁcacy of potential therapeutic agents
could be documented by studying their effects on the cell metab-
olism of these structures.Conclusions
The ﬁndings in this study demonstrated that the human
acetabular labrum is populated with unique highly active
ﬁbrochondrocyte-like cells. These cells are capable of expressing
and releasing pro-inﬂammatory enzymes and cytokines, and react
to a pro-inﬂammatory stimulus. In this way, they contribute to
disturbed tissue function in pathology and therefore should be
considered as a potential therapeutic target in hip joint disease.
This work can be an incentive to more thoroughly explore the
biological role of the labrum in hip joint homeostasis in health and
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